WORLD INTELLBTrUAL PROPERTY 
Intemadoiuil Baveaa 




PCX 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCI) 



(51) Intornatioiial Patent Classifiealioii ^ : 
G02B 27/26, 5/30 



Al 



(11) iBternatfonal PkiUicatioii Nnmbers 
(43) Intematioiiai Pbfaficatbn Date: 



WO 95/00872 

5 Januaiy 1995 (OSMSS) 



(21) Intenatioiua Application Nombar: FCr/U594A)68S3 

(22) latcrnatfoaal FOing Date: 16 Jnne 1994 (16.06.94) 



OO) Priority Data: 
OS/079448 



17 June 1993 (17.06.93) 



US 



(71X72) Appficant and Inv^tor: ROSENCJWAIG, Allan 
[US/US]; 3304 Deer Hollow Drive, Danville, CA 94506 
(US). 

(74) Agents: HAVERSTOCK, Hioinas, B. et aL; Haverstock, 
Medlea & Canoll, Suite 2200, 220 Mon^oooeiy Street, San 
Etandsoo, CA 94104 (US). 



(81) Designated States: AM. AT, AU, SB, BG, BR, BY, CA, CH, 
CN, CZ, DE, DK, £S, FI, GB, GE, HU. JP, KE, KG, 
KP, KR, KZ, LK, LU, MD, MG, MN, MW, NL. NO, NZ, 
PL, FT, RO, RU, SD, SE, SI. SK, 17, TT, UA, US, VN, 
Euiopcan patent (AT, BE, Ol, DE, DK, ES, PR, GB, GR, 
IE. rr, LU, MC, NL, FT, SE), OAH patent (BP, BJ, CP, 
CG, a, CM, GA, GN, ML, MR, NE, SN, TO, TG). 



PobUsbed 

With intemadonal search 



(54)Tltie: STEREOSCX>PIC SYSTEM 
(57) Abstract 



A first stereosoopic vi^cm 
system for a taster diq^yed 
image includes two sete of 
passive filters. A fixst set of 
pasfflve filters is assodated wilfa 
the display. In the piefeu e d 
coibodiment, the £pooi 
alternate lows of pixds (126^ 
128) are tiansmilted daou,^ 
opposttely oriented pdarizers 
(134), such that odd nmnbered 
lows are transmitted 
polarizers having a firtt polarity 
numbered rows are 



126 



128 



126 



128-^ 
130 




having a second pdarity. The 
image intended for each eye 
is disjdayed ttooogh only a 
polarizer having d&er die firat or 
second polarity but not both (146^ 
148). The polarizer filters for 
the dt^day are foxmed il^nm^ 
photx^lfaogrBiriiic tedmiiiues. 
Each of the viewer's eyes lias an 

appopriatdy cone^oixlittg polarizing filftff In this way ofdy the nnage that 

' for each eye can reach the appropriate eye. 



142 



144 



FOR THE PURPOSES OF INFORMATION ONLY 



Gbdes used to idasaSy SlatBS pait)f to die PCTod the fimnt pages of panqihkts publisfamg mtematiooal 
lyppficaliuns andtt die FCT. 



AT 


AnMa 


GB 




MR 




KV 




GB 




MW 




BB 




ON 




NE 


Niser 


BB 




GR 




NL 


Wctfif flmrti 


BP 


tSlMIIIlA FHO 


HU 




NO 




BG 




IB 




NZ 


Now ZpjUnrt 


Bl 


Bcmn 


cr 




FL 


Pbbod 


BR 


BmO 


JP 


Japan 


PT 




BY 




KB 




RO 




CA 


Qnttk 


KG 




RD 




cr 


Cbofcil AWtmi Bf pribliB 


KP 


Dcowciitlc ^ople'a RrpuWc 


SD 


Sudn 


G6 


CtoQgo 




or Km 


SB 


SwedcD 


CH 


SwUzEitaod 


KR 


BcptMeoTKoBBi 


Si 




a 


CtedTIvotae 


KZ 




SK 


Stowrida 


CM 




U 




8N 


Bcntgil 


CN 




LK 


&iLnka 


TD 




GS 


C^cciMMloviklft 


LD 




TG 




CZ 


CtechBcpaUk 


LV 


Litvli 


n 


DB 


GuuMoy 




Mooioo 


IT 




DK 

ES 




MD 
M6 


BepiMc of Moldova 


OA 

C5 


Uknkie 

VoiiBd Swbs of Amerin 


n 






MaB 


OZ 




n 




MN 




VN 





GA Gta 



wo 95/00872 



FCT/US94/068S3 



STEREOSCOPIC VISION SYSTEM 

Field of the Invention 

This invention relates to the field of generating 
and displaying stereoscopic images to a human viewer. 
5 More particularly, this invention relates to systems 

wherein only passive stereoscopic filters are employed. 

Background of the Invention 

In evieryday life, viewers look at physical objects 
and see them stereoscopically. As a viewer looks at 

10 objects, he receives a visual image in each eye. Because 
of the distcince between the viewer's two eyes, the image 
seen by each eye is not identical. The brain processes 
the signals received from each eye cuid integrates the 
information into a perceived stereoscopic image. 

15 Inherent in being able to see objects in true 

stereoscopic form is that each eye sees a slightly 
different view of the same object foreseen. Because of 
this, images commonly displayed on two-dimensional 
viewing screens (movie theaters, televisions, or computer 

20 monitors) are not presented in stereoscopic form. 

Because a single two-dimensional representation of a 
three dimensional object is displayed, each eye 
necessarily sees the identical image. Accordingly, the 
brain does not receive sufficient information to process 

25 a true stereoscopic scene. 

Note that a stereoscopic image is interpreted by the 
viewer as a true three-dimensional image. This is in 
contrast to the so-called "three-dimensional" images 
generated by computer programs such as they are used in 

30 Computer -Aided Design (CAD) systems. These images are 
three-dimensional representations of two-dimensional 
images rather than the true three-dimensional images 
generated by a stereoscopic system. 

Practitioners have attempted a variety of approaches 

35 to present stereoscopic images to the viewer's eyes from 
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a two-dimensional display. Most systems require the 
viewer to wear a pair of glasses of some sort. For 
example, stereoscopic movies have presented two images on 
the same screen to the viewers. Looking at the screen 
5 with an iinaided eye presents blurry or confusing images 
to the viewer. Usually, each of the images is presented 
in different colors. The viewer wears a pair of glasses 
with two differently colored lenses to filter only the 
appropriate image to each eye. In this way, the scene 

10 intended for the left eye is only presented to the left 
eye while the scene intended for the right eye is 
appropriately transmitted. While relatively inexpensive, 
because of problems associated with color matching, color 
saturation of the vision system, and other factors, these 

15 color stereoscopic systems are extremely tiring, 
confusing and irritating to the average viewer. 

Another approach (U.S. Patent 4,744,633) includes 
presenting two side by side images possibly from two 
different displays. The viewer wears a pair of glasses 

20 with appropriate beam bending characteristics to properly 
present the two images to the viewer's eyes to allow the 
brain to process a true stereoscopic image. While 
workable in theory, such systems are coniplex and 
expensive due to the necessary optics to appropriately 

25 bend the rays and^the possible need for two display 
units. 

In yet another approach (U.S. Patent 2,783,406) for 
use with a television system, two separate electron guns 
are each provided with the signals to generate a separate 

30 left and right image. The gun signals are interlaced 
onto a lenticulated screen which has the appropriate 
optics to present the appropriate image to each of the 
viewer's eyes without the use of special glasses. This 
system is however severely limited by the fact that the 

35 viewer must be positioned at an appropriate location 
relative to the lenticulated screen. 
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With the advent of rapid light shutters using liquid 
crystal technology, other systems for displaying 
stereoscopic images became piossible. In one system, the - 
images for the left and right eye are alternatively 
5 displayed during alternate screen refresh cycles. The 

viewer wears a pair of active glasses which synchronously 
and alternately occlude and open the liquid cirystal 
lenses, therei)y selecting the appropriate image for the 
appropriate eye. However, in normal displays, once 

10 written, the image for each pixel tends to persist until 
rewritten. Thus, while the screen is beginning to 
display the image for one eye at the upper part of the 
screen, the screen continues to display the image for the 
other eye at the lower part of the screen until that 

15 portion of the display has been written. Accordingly^ 

there are ghost images displayed. In addition power and 
control electronics need to be provided to these active 
glasses. 

Other inventors (U.S. Patent 4,719,507) have tried 

20 systems alternately displaying the left and right images 
using active liquid crystal filters at the display for 
alternatively presenting the appropriate image to the 
appropriate eye via mutually exclusive passive filters in 
each lens of a pair of glasses. As with the active 

25 liquid crystal glasses, such systems also have a ghost . 
image problem and require additional power and control 
electronics to operate the active display filters. In 
addition, if such systems operate at standard screen 
refresh rates, each eye will receive its image half as 

30 often and receive no image half the time. Accordingly, 
either the viewer experiences a flickering image or a 
specially designed faster display device must be used. 

Systems employing active liquid crystal filters at 
either the display or in the viewing glasses present 

35 higher quality stereoscopic images than do the older 
passive systems. Unfortunately, such systems also 
present ghost images. Further, commercially availcdble 
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active systems are very expensive and thus have a limited 
utility for mass market sales and use. 

Therefore, it is one object of the subject invention 
to provide an improved method for stereoscopic display 
5 systems that eliminates the problem of ghost images. 

It is a further object of the subject invention to 
provide an improved method for stereoscopic display 
systems that produce high iquality stereoscopic images but 
at much lower cost than current active stereoscopic 
0 devices . 

It is still a further object of the subject 
invention to provide an improved method for stereoscopic 
display systems that employ purely passive filter meauis, 
thereby eliminating the power and control electronics 
5 needed for active systems. 

Another object of the subject invention is to 
provide a method for providing stereoscopic imaging for a 
large variety of displays: CRT's, LCD's, plasma, etc. 
It is a further object of the subject invention to 
D provide a relatively simple method to manufacture the 

patterned display filters of this siibject invention using 
photolithographic means. 

Another aspect of the subject invention is to 
further simplify the manufacture of the patterned display 
5 filters by using the display itself to generate the 

photolithographic mask, or even to generate the pattern 
in the display filter directly. 

Summary of the Invention 

In accordance with these and other objects, the 

0 subject invention relates to a passive stereoscopic 

vision system for a raster displayed image that includes 
two sets of passive filters. A first set of passive 
filters is associated with the display. In the preferred 
embodiment, the image from alternate rows of pixels eure 

5 transmitted through oppositely oriented polarizers, such 
that odd numbered rows are transmitted through polarizers 
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having a first polarity and even numbered rows are 
transmitted through polarizers having a second polarity. 
The image intended for each eye is displayed through only 
a polarizer having either the first or the second 
5 polarity but not both. The polarizer filters for the 

display are formed through photolithographic techniques. 
Each of the viewer's eyes has an appropriately 
corresponding polarizing filter positioned between it 
(but not the other eye) and the screen. In this way only 
10 the image that is intended for each eye can reach tlie 
appropriate eye. 

Brief Description of the Drawings 

Figure 1 shows a perspective overview illustration 
of the preferred embodiment of the present invention. 
15 Figure 2 shows a close-up view of a portion of the 

display screen of the preferred embodiment. 

Figure 3 shows a close-up view of a portion of the 
display screen of an alternate embodiment. 

Figure 4 shows a sectional schematic view of an 
20 alternate embodiment. 

Figure 5 shows a sectional schematic view of the 
preferred embodiment of the present invention. 

Figures 6A through SK show cross section views of a 
method for manufacturing the display screen filter. 
25 Figures 7A through 7F show cross section views of 

the preferred method for manufacturing the display screen 
filter. 

Detailed Description of the Preferred Embodiment 
Figure 1 shows a perspective overview of the 
* 30 preferred embodiment of the present invention. A raster 

based display screen 100 presents two images of eui 
object. Each image is presented from a slightly 
different perspective, i.e., the perspective of each of 
the two eyes of a typical viewer. 
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The two images. are interlaced on the display. In 
Figure 1, the image shown on the screen is a cube. The 
image is broken to represent the two interlaced images of 
the cube. The representation of Figure 1 is merely 
5 suggestive of this feature of the invention. The cube is 

shown as broken portions of two interlaced cubes 102 and 
104 shown from two slightly different perspectives. In 
contrast, in the preferred embodiment, the two images are 
displayed on alternate rows. By way of example, the 

10 image intended for the left eye is displayed on the even 
rows and the image intended for the right eye is 
displayed on odd rows. The selection of odd cuid even 
rows could just as easily have been selected oppositely. 
The raster display 100 can be either a CRT, liquid 

15 crystal or other type of display. The displays can be 

treated as a set of pixels arrayed in rows and columns. 

A viewer 106 wears a pair of glasses 108, having two 
oppositely polarized lenses 110 and 112, one for each 
eye, each of which selectively transmit only the 

20 appropriate image from the appropriate alternate rows. 
In this way, only the image intended for each eye is 
transmitted to that eye. Further, because the images for 
each eye are interlaced and continuously displayed there 
is no image switching from eye to eye and there are no 

25 ghost images. Furthermore, if the refresh rate for each 
frame is high enough, there will also be no flicker. 

Figure 2 shows a close-up of a portion of the 
display screen 100 (Figure 1) . The even rows 114 are 
provided with polarizers having a first orientation and 

30 the odd rows 116 are provided with polarizers having a 
second orientation. It is also possible to have 
alternate pixels or groups of pixels associated with the 
image for each eye as shown in Figure 3. In the 
alternate embodiment of Figure 3, a first set of pixels 

35 120 shown as open circles are associated with the left 

eye image and a second set of pixels 122 shown as filled 
circles are associated with the right eye image. That 
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is, the stereoscopic image can be formed by interlacing 
alternate pixels or sets of pixels or alternate rows or 
in any other interlaced fashion. 

In Figure 4, a portion of a display screen 130 is 
5 shown including 2 pixels 126 and 2 others 128. The light 

emanating from all the pixels is transmitted through the 
screen 130 to the display filter which includes a 
linearizing polarizer 132 and' a biref ringent retarder 154 
in front of alternate pixels 126 . The display filter in 

10 front of pixels 128 includes only the linearizing 

polarizer 132. The retarder 154 is adapted to rotate the 
polarization of the light from pixels 126 by 90° by means 
of providing a positive half -wave retardation (+ X/2) . 
A pair of glasses is positioned over the viewer's 

15 eyes including two lenses 140 and 146. The first lens 

140 consists of a birefringent retarder 142 that rotates 
the polarization of light striking lens 140 by -90"* by 
mesais of providing a negative half -wave retardation (- 
X/2). The retarder 142 is followed by a linearizing 

20 polarizer 144 oriented at 90** relative to the display 
polarizer 132. The second lens 146 includes sinply a 
linearizing polarizer 148 that is also oriented at 90** 
relative to the display polarizer 132. 

Though the lenses 140 euid 146 of the glasses are 

25 shown one on top of the other in Figure 4, this is for 
representational purposes only. It will be apparent to 
one of ordinary skill in the art that the lenses will 
appear side by side in a glasses frame in the ordinary 
mcuiner. 

30 The transmission of light through the glasses can be 

calculated as follows. Assume that the thickness of the 
birefringent retarder is such that the retardation A is 
precisely +X/2 at 500nm. Because the amount of 
retardation is a function of wavelength such that A = (n^ 

35 - n^)t; where and are the refractive indices for the 
slow and fast axes in the birefringent material, A is 
different for different wavelengths, such that: 
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A(X) = X/2 + 6 (A) 

where 6 (X) = 0 at X = SOOnm. Similarly, for -X/2 

A(X) = -X/2 - 6(X) 

The net retardation from the filter at the display and 
5 the filter at the glasses is shown by: 

(Ad + Ag) 

To understand how the stereoscopic separation is 
achieved by means of these display and viewer filters, we 
calculate the net retardation of light through the 

10 display and viewer filters (A^ + Ag) . If the net 

retardation is zero then the viewer filters will block 
the light since the linearizing polarizer in the viewer 
filters are set at 90** relative to the linearizing 
polarizer at the display. Oh the other hand, the glasses 

15 will completely transmit that light which undergoes a net 
retardation of half -wave (+ or - X/2) since this light 
will then undergo a 90** rotation of polarization. 

We thus have four possible combinations for net 
retardation. 

20 Ad(0) + Ag(0) =0 + 0 = 0 

Ad{+X/2) + Ag(-X/2) = +X/2 + 6{X) - X/2 - 6 (X) =0 

Aa (0) + Ag(-X/2) « .0 - X/2 - 6(X) = -X/2 - 6(X) 

Ad(+X/2) + Ag(0) = +X/2 + 6(X) + 0 = +X/2 + 6{X) 

Thus light from pixels 128 will be blocked by viewer 
25 lens 146 and light from pixels 126 will be blocked by 

lens 140 • Note that the light at any wavelength will be 
completely blocked as long as the birefringent materials 
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used in the display and viewer filters are well matched. 
Examining the last two equations, we can see that light 
from pixels 128 will be transmitted by viewer lens 140, 
and light from pixels 126 will be transmitted by viewer 
5 lens 146. Although the net retardation and thus the 

amount of light transmitted will vary with wavelength, 
the transmission will be the same for both lenses as long 
as the birefringent material in the viewer lens is well 
matched to that in the display filter. 

10 So long as the viewer holds the glasses so that the 

linear polarizers 144 and 148 in the glasses (Figure 4) 
are perpendicular to the linear polarizer 132 in the 
display filter, this system will prevent displaying the 
left image to the right eye euid vice versa. 

15 Unfortunately, as the viewer's head is tilted, there will 
be degradation in the stereo separation and "cross- talk" 
will result between the separate images cUid the viewer's 
eyes . 

To overcome this deficiency, the light is encoded 

20 ouid decoded using circularly polarized light. At the 
display, the light from the array of pixels is first 
linearly polarized and that light is selectively 
circularly polarized. In the viewer glasses, each lens 
selectively circularly polarizes the light received from 

25 the display to return it to linearly polarized light. 
That light is then applied to linear polarizers to 
selectively pass or block that light. 

In Figure 5, a portion of the display screen 130 is 
shown including two alternate pixels 126 and two other 

30 alternate pixels 128. The light emanating from the 
pixels is transmitted through the screen 130 to the 
display filter including a linearizing retarder 132 and 
birefringent retarders 154 and 156. The birefringent 
retarder 154 is adapted to circularly rotate the 

35 polarization of the light by means of a positive quarter- 
wave retardation (+X/4) thereby generating right-hand 
circularly polarized light. The birefringent retarder 
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156 is adapted to oppositely circularly rotate the 
polarization of the light by means of a negative quarter- 
wave retardation (-X/4) thereby generating left-hand 
circularly polarized light. 
5 A pair of glasses is positioned over the viewer's 

eyes including two lenses 150 and 156. The light 
emanating from the display filter strikes a birefringent 
retarder 152 in the first lens 150 which is adapted to 
generate right-hand circularly polarized light by means 

10 of a positive quarter-wave retardation {+X/4) . The light 
passed by the birefringent retarder 152 then strikes a 
linearizing polcirizing 154, The linearizing polarizer 
154 is oriented 90** out of phase with the linearizing 
polarizer 132 in the display filter. 

15 The light emanating from the display filter also 

strikes a birefringent retarder 158 in the second 
lens 156 which is adapted to generate left-hand circular 
polarized light by meetns of a negative quarter-wave 
retardation by (-X/4) • The light passed by the 

20 birefringent retarder 158 then strikes a linearizing 
polarizer 160. The linearizing polarizer 160 is also 
oriented 90^ out of phase with the linearizing polarizer 
132 in the display filter* 

The net retardation from the filter at the display 

25 and the filter at the glasses Ag is shown by: 

(Ad + Ag) 

A portion of the light will be blocked as mathematically 
described by: 

Adux74) + Agc.x/4) + X/4 + H6{k) - X/4 - }<6(X) = 0, and 

30 Aac.x/4) + Agc*x/4) = - X/4 - H6[\) + X/4 + M6(X) =0. 

Thus, light which passes through a birefringent retarder 
at the display screen having a first rotational sense 
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will be totally blocked by the glasses lens which has a 
birefringent retarder of the opposite sense. 

Similarly, the light will appropriately be 
transmitted through the complementary lenses as described 
5 by: 

Ad(^x/4) + Ag(^x/4) = + X/4 + M6(X) + X/4 + M6(X) 
= + X/2 + 6 (X) , and 

+ = - X/4 - }66(X) - X/4 - H6 {X) 

= - X/2 " 6(X) . 

10 Thus, light which passes through a birefringent retarder 
at the display screen having a first rotation sense will 
be transmitted through the glasses lens which has a 
birefringent retarder of the same sense* 

Note, similar viewer glasses have been described in 

15 U.S, Patent 4,719,507 although these were used with 
active licpiid crystal display filters. 

Commercially available LCD displays already include 
a linearizing polarizer such as indicated by reference 
numeral 132 in Figures 4 and 5. Thus, for LCD displays 

20 am additional linearizing polarizer is not necessary. 
Commercially available CRT displays rarely include a 
linearizing polarizer and as such will generally require 
one for implementing the present invention. 

As is well known, the location of each pixel in an 

25 LCD display is fixed relative to the physical dimension 
of the display screen due to the process for 
manufacturing the display. In contrast, the pixel 
location on a CRT display is varicQjle depending upon the 
calibration of the voltage applied to control the 

30 electron gun. The voltage must remain fixed to within 
e:0.05% for a typical 480 line raster in order to 
appropriately use the passive filter concept of the 
present invention. 
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The level of voltage control in color CRTs is 
sufficiently stable to allow the gun to accurately strike 
the shadow mask for forming a desired color Such control 
should be adequate for controlling the electron gun for 
5 . use with the present invention. In the event that more 
control is desired, an active feedback circuit can be 
used to more accurately control the electron gun voltage. 

The polarizing filters with selective patterns are 
not commercially available and need to be manufactured to 
10 provide the advantages of the present invention. Both 
linearizing polarizers and birefringent retardation 
plates are available as polymer sheets. Such polymer- 
sheets are produced by and available from the Polaroid 
Corporation suid other companies. 

15 First let us consider the manufacture of patterned 

display filters that generate alternate patterns of 
orthogonally linear polarized light. Preferably, a 
substrate 200 of glass or plastic is provided which is 
transparent to light in the frequencies needed for the 

20 LCD or CRT displays (Figure 6A) . However, there may 

exist polarizing polymer sheets having the appropriate 
optical characteristics which are sufficiently stiff to 
obviate the need for a substrate. For a CRT display or 
other display without an integral linearizing polarizer, 

25 a thin layer of a transparent index matching adhesive 202 
is applied to the substrate (Figure 6B) and a linearizing 
polarizer 204 is then affixed to the transparent index 
matching adhesive 202 (Figure 6C) such that the 
orientation- of the polarizer is known relative to the 

30 substrate 200. For an LCD display having an integral 
linearizing polarizer, this layer of transparent index 
matching adhesive and the linearizing polarizer are not 
needed. 

Next, another thin layer of a transparent index 
35 matching adhesive 206 is applied to the linearizing 
polarizer 204 (Figure 6D) . (in the case of an LCD 
display with an integral linearizing polarizer, the thin 
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layer of a transparent index matching adhesive 206 is 
applied to the substrate 200.) A transparent barrier 
layer 208 is affixed to the transparent index matching 
adhesive 206 (Figure 6E) . The barrier layer is provided 
5 as a readily controllable means for stopping an etching 

step (described in detail below). Accordingly, it may be 
possible to delete the transparent barrier 208 and its 
transparent index matching adhesive 206 by use of 
carefully characterized etching. In this way, the amount 

10 of etching can be selected by controlling the etch * 

solution, the time of etching, the tenperature of the 
etching bath and other similar techniques. All the 
barrier layers described below ccui be similarly replaced. 
Another thin layer of a transparent index matching 

15 adhesive 210 is applied to the exposed surface of the 
trsoisparent barrier layer 208 (Figure 6F) . A 
birefringent retarder polymer sheet 212 is affixed to the 
layer of transparent index matching adhesive 210 (Figure 
6G) . The birefringent retarder 212 is aligned so that 

20 its fast axis is +45^ to the polarization axis of the 
linearizing polarizer 204. (In the case of an LCD 
display with an integral linearizing polarizer, the 
birefringent retarder 212 is aligned so that its fast 
axis is +45° to the polarization axis of the integral 

25 linearizing polarizer.) In addition, the birefringent . 
retarder 212 is conditioned to provide +X/4 (quarter 
wave) retardation at 500nm. In commercially available 
birefringent retarders the amount of retardation is a 
function of the thickness of the polymer film. 

30 The sheet of birefringent retarder 212 is to be 

patterned to match the pixel row structure, or other 
alternating pixel configuration. Photolithography is a 
convenient means for patterning the sheet of birefringent 
retarder 212. A layer of a suitable photoresist 214 is 

35 deposited onto the surface of the birefringent retarder 
212 (Figure 6H) . 
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In the usual manner, a mask is aligned to the 
structure of Figure 6H which is then exposed to an 
appropriate light source and subsequently patterned in a 
wash. The patterned photoresist layer is used as a mask 
5 for etching the birefringent retarder 212 for foinning a 

patterned birefringent polarizer layer 220A (Figure 61) • 
The underlying transparent index matching adhesive 210 is 
also etched. Either a wet chemical etch or a dry plasma 
etch ccui be used. The etch is selected such that it will 

10 etch away the birefringent material and the index 

matching adhesive but will not etch the barrier layer 
material. In Figure 61, the structure is that of simple 
rows. However, it is also possible to use patterns that 
are somewhat more complex, e.g., alternate pixels, sets 

15 of pixels, etc. 

After the etching process, a layer of a transparent 
index matching adhesive 216 is applied to cover the 
patterned birefringent retarder layer 212A for forming a 
smooth upper surf ace for the structure (Figure 6 J) . To 

20 avoid void or empty regions, it may be desirable to spray 
the transparent index matching adhesive on in a fine 
mist, or heat it so it flows readily. Lastly, a 
transparent cap layer of glass or plastic is affixed over 
the layer of transparent index matching adhesive 

25 (Figure 6K) . 

Now let us consider how to manufacture patterned 
polarizing display filters that generate alternate 
patterns of right- and left -circularly polarized light. 
We follow the previously described process up 

30 through the transparent index matching layer 206 (Figure 
6D) . Onto this layer we affix a first birefringent 
retarder polymer sheet 220 (Figure 7A) . The birefringent 
retarder 220 is aligned so that its fast axis is + 45° to 
the polarization axis of the linearizing polarizer 204 

35 (or + 45° to the polarization axis of the integral 

linearizing polarizer of an LCD display) . In addition 
the first birefringent retarder polymer sheet 220 is 
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conditioned to divide + X/4 (quarter -wave) retardation at 
a nominal wavelength such as SOOmm. 

Next another thin layer of transparent index 
matching adhesive 222 is affixed to the exposed surface 
5 of the first birefringent retarder 220 (Figure 7B) • A 
transparent barrier layer 224 is affixed to the 
transparent index matching adhesive 222 (Figure 7C) . 

Another thin layer of transparent index matching 
adhesive 226 is affixed to the exposed surface of the 

10 barrier layer 224 (Figure 7D) . A second birefringent 
retarder polymer sheet 228 is affixed to the layer of 
transparent index matching adhesive 226 (Figure 7E) . The 
birefringent retarder 228 is aligned so that its fast 
axis is -45° to the polarizing axis of the linearizing 
. 15 polarizer 204 (or at -45° to the polarization axis of the 
integral linearizing polarizer of an LCD display) • In 
addition the second birefringent retarder 228 is 
conditioned to provide -X/2 (negative half -wave) 
retardation at the nominal wavelength of SOOmm. Because 

20 the amount of retardation is a function of the thickness 
of the polymer sheet, this sheet is shown to be twice as 
thick as the + X/4 birefringent retarder 220. 

The second birefringent retarder 228 is to be 
patterned to match the alternate pixel row structure, or 

25 other alternating pixel configuration. We employ the 

same photolithographic method described before and end up 
with a final patterned structure shown in Figure 7F where 
228A and 226A are the patterned sections of second 
birefringent ' retarder 228 and underlying index matching 

30 adhesive 226 respectively, 230 is the fill-in index 

matching adhesive and 232 is the tzransparent cover cap 
layer. " 

It is possible that the mask described above can be 
formed on a display screen of a similar design to the one 
35 for which the polarizing filters are being prepared. A 
chrome covered mask substrate can be coated with a 
photoresist layer and placed over the display screen. By 
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selectively displaying those pixels for one of the two 
interlaced images (left or right) the photoresist on the 
mask is exposed. The appropriate portions of the chrome 
layer can be removed. In this way, calculation of the 
5 placement of the geometries on the mask can be avoided. 
In another embodiment, the polarizing filter 
structures described above ccui be formed without any 
mask- Rather, the layers can be formed in situ. Once a 
photoresist layer is formed on the structure, the display 

10 can be activated to expose the photoresist. Though 
precise alignment is necessarily obtained using this 
method, special care must be taken to avoid damaging the 
display and its associated electronics during the 
processing steps. 

15 It is also possible to remove portions of the first 

birefringent retarder 220 and alternate portions of the 
second birefringent retarder 228, In such a system, the 
second birefringent polarizer 228 would be replaced with 
one that rotates the light by -X/4. An additional 

20 masking sequence would be required. However, by 

following the preferred embodiment and rotating all of 
the light fom^rd by +X/4 and reverse rotating only a 
portion of the light by -X/2, only a single masking 
sequence is needed. 

25 It is preferred that the image presented to the 

viewer be free of any flicker to avoid irritating the 
viewer, l^nlating the screen image 60 times a second 
provides essentially flicker- free images. to the average 
viewer. Most LCD screens and some CRT screens operate in 

30 a 60Hz non-interlaced mode. In other words, the entire 
screen is updated every cycle, 60 times a second. (An 
interlaced mode screen, such as a standard TV display, 
updates the even rows and then the odd rows alternately. 
Note the distinction between having the display 

35 interlaced and two images interlaced as with the present 
invention.) 
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For using a 6OH2 non-interlaced screen with the 
present invention, one should interlace and load the two 
images into the bit map. The image for the right eye and 
the image for the left eye are continuously updated to 
5 the screen at a 60Hz rate, thus providing a flicker- free 
stereoscopic image to both eyes . 

In a typical 30Hz interlaced mode format display, as 
in broadcast TV, the screen is divided into two fields of 
odd and even rows. Each field is updated 30 times a 

10 second so that the entire image is updated 60 times' a 

second and so appears to be without flicker. If the left 
and the right images are interlaced onto alternate rows, 
then the left and right images are only updated 30 times 
a second and flicker will likely result • To overcome 

15 this occurrence, it is possible to double the rate of the 
display screen. Another approach is to interlace the 
images in vertical columns or a checkerboard pattern as 
shown in Figure 3 using appropriate electronic means to 
interlace the two stereoscopic images transmitted to the 

20 display. 

While the subject invention has been described with 
reference to a number of preferred embodiments, various 
changes and modifications can be made therein, by one 
skilled in the art, without varying from the scope and 

25 spirit of the siibject invention as defined by the 
appended claims. 
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CLAIMS 

What is claimed is: 



1 1. A passive stereoscopic vision system for displaying 

2 a scene to a viewer having a left eye and a right eye, 

3 the system comprising: 

4 a. means for interlacing and displaying a first 

5 image and a second image of a scene on a display 

6 screen from two different views; 

7 b. passive first means positioned for receiving 

8 light from the screen for selectively polarizing the 

9 first image differently from the second image; and 

10 c. passive second means for selectively blocking the 

11 first image from one of the viewer's eyes and 

12 selectively blocking the second image from other 

13 viewer's eye. 

1 2. The system according to claim 1 wherein the passive 

2 second means is mounted in viewer worn glasses. 

1 3. The system according to claim 2 wherein the passive 

2 first means further comprises: 

3 a. a first linearizing polarizer positioned to 

4 receive the first image and the second image from 

5 the display screen; and 

6 b. means for rotating a polarization of the light 

7 from the first image relative to the second image. 

1 4. The system according to claim 3 wherein the glasses 

2 further comprise two lenses, one lens for each eye such 

3 that each lens includes an appropriate complementary 

4 rotational polarizer and a second lineaurizing polarizer. 

1 5- The system according to claim 2 wherein the display 

2 screen incorporates an integral linearizing polarizer and 

3 • further wherein the first passive means further con5>rises 
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4 means for rotating a polarization of the light from the 

5 first image relative to the second image. 

1 6, The system according to claim 5 wherein the glasses 

2 further comprises two lenses, one lens for each eye such 

3 that each lens includes an appropriate complementary 

4 rotational polarizer and a second linearizing polarizer. 

1 7. A passive stereoscopic vision system for displaying 

2 a scene to a viewer having a left eye and a right eye, 

3 the system comprising: 

4 a. a display screen for displaying as light a first 

5 image of the scene cuid a second image of the scene 

6 from a different view wherein the first image and 

7 the second image are interlaced and simultaneously 

8 displayed; 

9 b. a first linearizing polarizer positioned to 



receive the first image cUid the second image from 
the display screen; cmd 
c. means for rotating a polarization of the light 
from the first image and the second image relative 
to one another. 



1 8 . The system according to claim 7 further comprising a 

2 pair of passive stereoscopic glasses comprising a first 

3 lens and a second lens wherein the first lens includes a 

4 second linearizing polarizer and the second lens includes 

5 a third linearizing polarizer such that the first lens 

6 includes an appropriately oriented means for rotating a 

7 polarization of the light that the second linearizing 

8 polarizer blocks the first image and the second lens 

8 includes an appropriately oriented means for rotating a 

9 polcurization of the light that the third linearizing 

0 polarizer blocks the second image. 

1 9. The system according to claim 8 wherein first 

2 linearizing polarizer is oriented 90^ out of phase from 
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3 both the second linearizing polarizer and the third 

4 linearizing polarizer. 

1 10 . The system according to claim 9 wherein the means 

2 for rotating the polarization of the light from the first 

3 image and the second image relative to one another 

4 rotates the polarization of the light from the first 

5 image by 90** and the second image by zero. 

1 11. The system according to claim 10 wherein the first 

2 lens rotates the polarization of the light it receives by 

3 zero and the second lens rotates the polarization of the 

4 light it receives by -90**. 

1 12. The system according to claim 9 wherein the meams 

2 for rotating the polarization of the light from the first 

3 image and the second image relative to one another 

4 rotates polarization of the light from the first image to 

5 . right-hand circular polarizatipn and rotates the 

6 polarization of the light from the second image to left- 

7 heuid circular polarization. 

1 13. The system according to claim 12 wherein the first 

2 lens rotates the polarization of the light it receives to 

3 left-hcoid circular polarization and the second lens 

4 rotates the polarization of the light it receives to 

5 right-hand circular polarization. 

1 14. A passive stereoscopic vision system for displaying 

2 a scene to a viewer having a left eye and a right eye, 

3 the system comprising: 

4 a. a raster arrayed display screen having a 

5 plurality of pixels; 

6 . b. means for interlacing and displaying as light on 

7 the display screen a first image and a second image 

8 of a scene from two different views; 
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9 . c. a display filter for polarizing the first image 

10 and the second image comprising: 

11 ' (Da linear polarizer for linearly polarizing 

12 the light from the first image forming a linearly 

13 polarized first image and for linearly polarizing 

14 the light from the second image forming a linearly 

15 polarized second image; and 

16 (2) first rotating means for selectively rotating 

17 a polarization of the linearly polarized first image 

18 differently from a polarization of the linearly 

19 polarized second image for forming a first image 

20 display output and a second image display output; 

21 and 

22 d. a viewer filter comprising: 

23 (1) a first lens for one of the viewer' s eyes 

24 comprising: 

25 (a) second rotating means for selectively 

26 rotating the polarization of the light from the 

27 first image display output and the second image 

28 display output forming a first lens 

29 intermediate output; and 

30 (b) a second linear polarizer for linearly 

31 polarizing the first lens intermediate output 

32 wherein the first image is passed and the 

33 second image is blocked; and 

34 (2) a second lens for the viewer's other eye 

35 comprising: 

35 (a) third rotating means for selectively 

36 rotating the polarization of the light from the 

37 first image display output emd the second image 

38 display output forming a second lens 

39 intermediate output; and 

40 (b) a second linear polarizer for linearly 

41 polarizing the second lens intermediate output 

42 wherein the second image is passed and the 

43 first image is blocked. 
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1 15. A method of forming a patterned polarizer on a 

2 substrate comprising the steps of: 

3 a. providing a birefringent retarder; 

4 b. applying a layer of a photoresist to the 

5 birefringent retarder; 

6 c. exposing and developing the photoresist; and 

7 d. using the photoresist as a mask, selectively 

8 removing portions , of the birefringent retarder . 

1 16. The method according to claim 15 further comprising 

2 the steps of: 

3 a. providing a linearizing polarizer; 

4 b. applying a first layer of a transparent index 

5 matching adhesive to the linearizing polarizer 

6 such that the birefringent retarder is affixed to the 

7 first transparent index matching adhesive. 

1 17. The method according to claim 16 further comprising 

2 the steps of: 

3 a. providing a transparent substrate; and 

4 b. applying a second layer of a transparent index 

5 matching adhesive to the substrate 

6 such that the linearizing polarizer is affixed to the 

7 second layer of transparent index matching adhesive. 

1 18. A method of forming a patterned polarizer on a 

2 polarizer substrate comprising the steps of: 

3 a. providing a linearizing polarizer; 

4 b. applying a first layer of a transparent index 

5 matching adhesive to the linearizing polarizer; 

6 c. affixing a first birefringent retarder to the 

7 first layer of a transparent index matching adhesive 

8 providing a retardation of X/2 (half -wave) and thus 

9 rotating a polarization of the light by 90**; 

^0 d. applying a first layer of a photoresist to the 

11 birefringent retarder; 
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12 e. exposing and developing the first layer of a 

13 photoresist; and 

14 f . using the first layer of exposed and developed 

15 photoresist as a mask for selectively removing 

16 portions of the birefringent retarder, 

1 19. A method of forming a patterned polarizer on a 

2 polarizer substrate comprising the steps of: 

3 a. providing a linearizing polarizer; 

4 b. applying a first layer of a transparent index 

5 matching adhesive to the linearizing polarizer; 

6 c . affixing a first birefringent retarder to the 

7 first layer of a transparent index matching adhesive 

8 having a first rotational sense; 

9 d. applying a second layer of a transparent index 

10 matching adhesive to the linearizing polarizer; 

11 e. affixing a second birefringent retarder to the 

12 second layer of a transparent index matching 

13 adhesive having a second rotational sense which is 

14 opposite and twice as large as the first rotational 

15 sense; 

16 f . applying a first layer of a photoresist to the 

17 birefringent retarder; 

17 g. exposing and developing the first layer of a 

18 photoresist; and 

19 h- using the first layer of a photoresist as a mask, 

20 selectively removing portions of the second 

21 birefringent retarder. 

1 20. The method according to claim 18 further comprising 

2 intezposing the steps of affixing a barrier layer to the 

3 layer of ' a treuisparent index matching adhesive . and 

4 applying another layer of a transparent index matching 

5 adhesive to the barrier layer before the step of affixing 

6 the birefringent retarder layer that is to be patterned. 
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1 21. The method according to claim 18 wherein the step of 

2 exposing further comprises using a mask for defining an 

3 area of exposure. 

1 22. The method according to claim 21 wherein the mask is 

2 formed on an appropriate masking substrate by the steps 

3 of: 

4 a. applying a second layer of opaque masking 

5 material to the masking substrate; 

6 b. applying a second layer of a photoresist to the 

7 opaque masking material; 

8 c. temporarily affixing the structure resulting from 

9 step b to a raster arrayed display screen having a 

10 plurality of pixels such that the second layer of a 

11 photoresist is toward the display screen; 

12 d. selectively energizing a portion of the pixels to 

13 expose the second layer of a photoresist; ^ 

14 e. removing the structure from the display screen; 

15 f. developing the second layer of a photoresist; and 

16 g. selective removing a portion of the opaque 

17 masking material using the photoresist as a mask. 

1 23. The method according to claim 18 wherein the 

2 epattemed polarizer is for a raster arrayed display 

3 screen having a plurality of pixels wherein the substrate 

4 is the display screen wherein the step of exposing the 

5 first layer of a photoresist comprises the step of 

6 selectively energizing a portion of the pixels to expose 

7 the first layer of a photoresist. 
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